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ABSTRACT There are two distinct components of the system which limits the
rate at which intact cells of S. cerevisiae C hydrolyze external -glucosides; one
component requires metabolic energy and the other is stereospecific for 3-
glucosides. The stereospecific component is localized at the cell membrane, as
shown by its sensitivity to heavy metal inhibitors which did not penetrate the cell
under the conditions used. It was shown that cellobiose-grown cells were able to
remove cellobiose from the medium in which they were incubated, and that the
cellobiose uptake system was identical to that which limits the patent -glucosi-
dase activity. In order to test the hypothesis that the system in question was a
transport system for -glucosides, the ability of cellobiose-grown cells to take up
' 4C-labeled methyl-3-glucoside (MBG) was studied. The induced cells were able
to take up MBG-14C and the label could be partially chased out by cold MBG
and cellobiose; glucose-grown cells could not incorporate label. However, in-
duced cells could not take up label when incubated with 14C-MBG, thus exclud-
ing the hypothesis of transport of intact -glucosides. It was concluded that the
stereospecific membrane component was actually a -glucosidase, coupled to an
energy-dependent transport system for the glucose moiety; the function of the
latter was rate-limiting in the over-all activity of the entire system.

INTRODUCTION

A strain of yeast (S. cerevisiae C) was isolated which could utilize any one of
a number of -glucosides as sole carbon and energy source for growth (1).
Cells which had been grown in cellobiose medium were found to contain a
cryptic, inducible -glucosidase; glucose-grown cells contained only one-
fiftieth as much. On the other hand, the patent activity, that is, the rate at
which intact cellobiose-grown cells hydrolyzed the chromogenic substrate
p-nitrophenyl-/-D-glucoside (pNPG), was not limited by the activity of the
intracellular -glucosidase, but rather by that of some other system. This
system consisted of at least two components, one of which was stereospecific,
as shown by the fact that patent activity was inhibited competitively by cello-
biose and methyl-0-glucoside (MBG), substances which did not inhibit the
activity of the -glucosidase in cells lysed with n-butanol or that of this en-
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zyme in cell-free extracts. The other component of the system which limits

patent -glucosidase activity was inhibited by azide and cyanide, showing

that its function depended on the availability of metabolic energy (1).

The combination of the properties of inducibility, stereospecificity, and

dependence on metabolic energy made us suspect that the system in question

was a membrane-localized transport system, similar to the -galactoside per-

mease of E. coli (Rickenberg et al., 2) and to other systems for transport of

mono- and oligosaccharides in yeast (3-5). As a result of experiments to be

presented, this hypothesis has had to be rejected; in induced cells, exogenous

#/-glucosides underwent cleavage at the cell surface prior to inward transport

of the glucose moiety. Preliminary reports of part of this work have been pre-

sented (6, 7).

EXPERIMENTAL

Cells of S. cerevisiae C were grown and handled as described in the preceding paper (1).

Extracts were prepared by grinding with powdered glass. /-Glucosidase assay by means
of the chromogenic substrate p-nitrophenyl-f/-D-glucoside (pNPG) was as described,
with the exception that glutathione was omitted in the experiments dealing with the
effect of mercury and p-chloromercuribenzoate (pCMB). The effect of these agents

was studied by preincubating cell suspensions with either of them for a standard treat-
ment period of 10 min; the cells were then twice washed prior to assay.

To study the stability of patent and cryptic activity, cellobiose-grown cells were
twice washed and resuspended in M/15 phosphate buffer, pH 6.8 to which was added
5 % glucose. The suspensions were shaken vigorously in Erlenmeyer flasks at 300 C, and

samples withdrawn at intervals for assay of /3-glucosidase under a variety of conditions
to be described. To one of the flasks was added 10-3 M azide to prevent the utilization
of metabolic energy during the incubation; cells were washed free of the azide prior
to assay of patent and of total (i.e., after butanol lysis of the cells) /3-glucosidase. In
some experiments, 10 pug/ml Actidione was added to one of the flasks in order to
inhibit protein synthesis during the incubation (8).

Studies of the uptake of /-glucosides were undertaken using MBG labeled with
14C either in the methyl group, or the glucoside moiety (UL); these compounds, ob-

tained from New England Nuclear Corp., had specific activities of 1.6 mc/mM and
1.4 mc/mM respectively. Glucoside-labeled MBG was mixed with cold carrier MBG
such that upon addition to a suspension of cells (1 mg/ml dry weight in M/15 phos-
phate buffer) the final concentration of each was 5 X 10-6 M. One ml aliquots were

withdrawn immediately after mixing and at intervals thereafter forced through a
Millipore membrane filter (1.2 / pore size) by means of a syringe adapted to a mem-
brane filter holder; the cell-free filtrates were also collected. The filters were then
washed with an excess of ice cold distilled water and dried for counting in a Packard
liquid scintillation counter. 5 or 10 1ul aliquots of the cell-free filtrates were pipetted
onto Millipore membrane filters, and dried and counted as above. In the experiments
with methyl-labeled MBG, cold carrier MBG was omitted; final MBG concentration
was 10- M.

IO



J. G. KAPLAN AND W. TACREITER -Glucosidase of Yeast Cell Surface

Cellobiose uptake was studied by incubating fairly dense cell suspensions (5 to 10
mg/ml) with cellobiose-2C, and determining the carbohydrate concentration of the
cell-free filtrates by the method of Nelson (9). Cellobiose-' 4C was prepared in this
laboratory by Dr. A. Inamdar by the method of Swisher, Storvick, and King (10) to
whom we are indebted for a culture of the cellulolytic bacterium Cellvibrio gilvus.
We should warn that a sample of "cellobiose-' 4C" which was supplied to us by a
commercial producer of radiochemicals turned out to be degradation products of
cellulose.

TABLE I

EFFECT OF 10- 6
M Hg2+ ON PATENT AND

CRYPTIC 3-GLUCOSIDASE

Two experiments are shown.

Category Specific activity Inhibition

zj PNPG/min/mg
dry weight X ro

2
per ceLt

1. Patent control 1.56 (1.66)
2. Hg present in assay 0.74 (0.99) 53 (40)
3. Hg pretreated, cells twice washed 0.89 (0.89) 43 (46)

prior to assay
4. Controls (category 1) after lysis with 58.85 (46.24)

butanol
5. Hg pretreated cells (category 3) after 59.07 (43.33) 0 (6)

lysis
6. Cells pretreated with 10-3 M mer- 0 (0) 100 (100)

cury, thrice washed prior to assay
7. Category 6, after lysis with n-butanol 0 (0) 100 (100)

RESULTS

A. Effect of Nonpenetrating Inhibitors

If the system which limits the hydrolysis of -glucosides by intact cells is a
transport system, its stereospecific component must be located at the osmotic
barrier of the cell in order to permit binding of sterically acceptable com-
pounds. It might also be accessible to certain inhibitors which are unable to
penetrate the permeability barrier of the cell.

Advantage was taken of Rothstein's finding that the Hg2+ ion binds to the
yeast cell membrane without increasing cell permeability at concentrations
of 10- 4 M and less (11); above this concentration, the Hg2 + ion made the mem-
brane leaky, an effect which we have confirmed (12). Table I shows the effect
of treatment of intact cells of strain C with 10-5 M Hg2+; the patent activity
was strongly inhibited, and the inhibition could not be washed away. If the
mercury-treated cells, after having been twice washed, were treated with
butanol, there was essentially no inhibition of the previously cryptic activity
(Table I, line 5), demonstrating that this heavy metal ion did not penetrate
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the cell. At a concentration of 10-3 M, Hg2+ completely inactivated the patent
activity; if such cells were then washed and treated with butanol, their pre-
viously cryptic -glucosidase was also completely inactive, showing that at
this concentration the Hg2+ penetrated the cell membrane and that butanol
did not dissociate the mercury-enzyme complex, once this was formed (lines
6 and 7, Table I). The 1-glucosidase itself was far more sensitive to Hg2+

B. BUTANOL
PRETREATED

0
P 60

It

z 40 
A. PATENT

20

6 5

LOG [Hg2], M

FIGURE 1. The effect of pretreatment with mercuric ion on (A) patent /-glucosidase

activity and (B) on that of butanol-lysed cells. Both the intact and lysed cells were

washed free of uncombined mercury before assay of activity.

TABLE II

EFFECT OF PRETREATMENT WITH 5 X 10- 4 pCMB
ON PATENT AND CRYPTIC ACTIVITY

Mean values of 5 experiments with standard deviations are shown.

Category Inhibition

per cent

1. Patent after pCMB 504-9.4, significant at p = 0.01
2. Category 1 after lysis with 24-1.8, not significant atp = 0.1

n-butanol

than was the patent activity, as shown in Fig. 1. It must thus have been pro-
tected within the cell by the plasma membrane (Table I, line 5).

Table II shows the effect of treating cells with pCMB; cells were washed
free of the unbound organic mercurial and then aliquots were assayed directly
or treated with butanol prior to assay. The results of 5 experiments are sum-
marized. Patent activity was inhibited by 50% by 5 X 10- 4 pCMB, whereas
the cryptic enzyme within the pCMB-treated cells was not significantly in-
hibited. If cells previously lysed with butanol were treated with 5 X 10- 4 M

pCMB, their -glucosidase activity was completely lost, and could not be
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restored by washing. It is thus clear that pCMB did not penetrate to the cryp-
tic enzyme and must have produced its inhibition of the patent activity at or
external to the cell membrane.

Table III shows that the magnitude of the inhibition of the patent activity

TABLE III

INDEPENDENCE OF THE INHIBITORY EFFECTS OF AZIDE
AND MERCURIALS ON PATENT /-GLUCOSIDASE

Cells were pretreated with either 5 X 10- ' M pCMB or 10- 6 M HgC1 2 and
twice washed before assay. Concentration of azide was 10- ' M in assay mix-
ture.

Without mercury pCMB pretreatment HgCI, pretreatment

Controls Azide No azide Azide No azide Azide

1. Specific activity 1.30 0.26 0.82 0.22 0.84 0.10
2. Inhibition by mercurials, per 37 35

cent
3. Inhibition by azide, per cent 80 73 88
4. Inhibition by both mercurial 83 92

and azide, per cent

TABLE IV

INCREASE IN CELLOBIOSE INHIBITION OF PATENT 1f-GLUCOSIDASE
AFTER PRETREATMENT WITH MERCURIALS

Conditions as in Table III: cellobiose concentration in the assay mixture
was 5 X 10- 4

M.

Without mercury pCMB pretreatment HgCI, pretreatment

No NoControls Cellobiose No Cellobiose No Cellobiose
cellobiose cellobiose

1. Specific activity 0.66 0.41 0.37 0.13 0.40 0.17
2. Inhibition by mercurials, per 44 39

cent
3. Inhibition by cellobiose, per 38 65 58

cent
4. Inhibition by both mercurial 80 74

and cellobiose, per cent

produced by azide was completely independent of the presence of inhibitory
amounts of Hg 2+ or pCMB (line 3).

On the other hand, pretreatment of the cells with Hg 2+ or pCMB markedly
increased the inhibition of patent activity produced by cellobiose in the
assay mixture; this is illustrated in Table IV, line 3. It is thus clear that some
sort of interaction, direct or indirect, between the site of cellobiose inhibition
of patent activity and the mercurials must have occurred at the cell mem-
brane, since these agents could not penetrate the cell barrier at the concen-
trations used.
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B. The Stability of the Rate-Determining Mechanism

Since growth in glucose inactivated the system which determines the fl-glu-

cosidase activity of intact cells (1), an attempt was made to see whether

shaking a nongrowing, washed cell suspension in 5% glucose would also in-

activate this system. The results of such an experiment are presented in Fig.

2. The patent activity of such cells (curve A) declined considerably more

than did the total activity, determined after lysis (curve B). The inhibition
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FIGURE 2. The effect of shaking intact cellobiose-grown cells in buffered glucose. (A)

Patent activity, assayed directly; (B) total activity, assayed after lysis of the shaken cells;
A' and B' are the same as A and B respectively, except that 10-3 M N3- was present in
the medium during the incubation with glucose but was washed away before assay;
C and D are the same as A, except that cellobiose and azide respectively were present
at the indicated concentrations during the assay.

of patent activity caused by the presence of cellobiose and azide in the assay

mixture is shown in curves C and D; the inhibition produced by these agents

declined during shaking, and after 24 hr, they caused no inhibition of the

patent activity whatever. There was thus a shift, during shaking of a non-

growing cell suspension in glucose, of the rate-determining step in patent

0-glucosidase activity from one which was sensitive to azide and cellobiose

to one which was not. If a metabolic uncoupler was present during the shaking,

there was no decline in either the patent or cryptic f-glucosidase, as shown

in curves A' and B'; metabolic energy was therefore necessary for the break-

down of the /-glucosidase and of the azide- and cellobiose-sensitive compo-
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nents of patent activity (Spiegelman and Reiner, 13); otherwise, they were
quite stable. Actidione (10 g/ml) in the incubation medium completely
prevented the decline in activity of the cryptic enzyme, as did azide. Sur-
prisingly, Actidione had no effect on the decline in patent activity during
the incubation.

C. The Uptake of f1-Glucosides

If washed, cellobiose-grown cells were incubated in cellobiose-containing
buffer, there was a progressive uptake of cellobiose from the medium as illus-
trated in Fig. 3, curve A. Cellobiose was not taken up by the intact cells in

O ,! HOURS SHAKEN, 5% GLUCOSE

0.2i I

Uo 10-3 M NN

o 1.4 Mg/MI yeast

Q.3 ACONTROLCE I S '

0.2 I I
0 30 60

MINUTES

FIGURE 3. Uptake of cellobiose by
washed cell suspension of cellobiose-
grown cells. (A) Untreated, stationary
phase cells; (B) same as A, except
that 10-3 m N3- was present during
incubation with cellobiose; (C) same
cells as A, except that they had been
shaken with glucose prior to incuba-
tion with cellobiose.

90

the presence of 10- a M N-, as shown in curve B. If the cells had first been
shaken in the presence of glucose in order to eliminate the azide- and cello-
biose-sensitive component of the patent #-glucosidase activity, they lost the
ability to take up cellobiose from the medium, as shown in curve C. Glucose-
grown cells could not take up cellobiose.

Pretreatment of the cells with 10-3 M pCMB decreased their ability to take
up cellobiose to roughly the same extent as this concentration of inhibitor
depressed their patent #/-glucosidase activity, as shown in Table V.

Ultraviolet irradiation of the cells caused a decrease in their patent activity,
and, as in the case of shaking of the suspensions with glucose, a loss of the
sensitivity of this activity to N3 -. It was also found that UV caused a pro-
gressive loss in the ability of the cells to take up cellobiose. In Fig. 4, are
plotted against dose of UV both the decrease in per cent inhibition of patent
/-glucosidase produced by Ns- (curve B) and the decrease in rate of uptake
of cellobiose, normalized to take the unirradiated rate as 100% (curve A).

z5
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It will be noted that there was a parallel decline in the rate of uptake of cel-
lobiose and in the degree to which the same cells' patent -glucosidase ac-
tivity was inhibited by NaN3 .

When cellobiose-grown cells were incubated with methyl-/3-glucoside-' 4 C,
the label was rapidly taken, up by the cells, as shown in Fig. 5, curve A. The
label could to some extent be chased out of the cells by addition of cold MBG

TABLE V

EFFECT OF pCMB ON CELLOBIOSE UPTAKE

Concentration ofpCMB was 10
- 8

m; the pCMB was either present when the

cells were incubated with 5 X 10
- 4

M cellobiose, or the cells had been twice
washed free of the mercurial, before incubation. The rates shown are in units

of asM cellobiose taken up per min during a 15 min period per mg yeast X 10
- 2.

The effect of 10-3 M pCMB on the patent fl-glucosidase activity of the same

suspension is shown for comparison.

Control Rate in Rate after
presence Inhibition Inhibitionrate washing
of pCMB

per cent per cent

A. Cellobiose uptake 0.12 0.02 83 0.03 75
B. pNPG hydrolysis 1.08 0.54 50 0.30 72

FIGURE 4. The effect of dose of
ultraviolet on A, the ability of cello-
biose-grown cells to take up cellobiose
from the medium, and on B, the
degree to which their patent activity
is inhibited by N3-.

MINUTES UV

or by cellobiose, but not by sucrose, or methyl-ca-glucoside; glucose could
also chase out the label. On the other hand, the uptake of label was prevented
by the presence of azide (curve B), and did not occur in glucose-grown cells
(curve C).

Correlation of the ability to incorporate label with the patent 3-glucosidase
activity is illustrated in Fig. 6. Curve A illustrates the incorporation of label
from methyl-o-glucoside-14C into a suspension of cells possessing high patent
j3-glucosidase activity (0.05 AUM pNPG split/min/mg) and curve B illustrates
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that of a suspension which had low patent activity (0.01 #sM/min/mg); this
suspension incorporated the label at a much lower rate.

Cellobiose-grown cells were also able to incorporate label when incubated
with cellobiose-'4C (glucosyl-o-D-glucoside-14C) much as they did with
methyl-0-glucoside-' 4C. All these data are consistent with the hypothesis that

4

Cellobiose () or-MG (x)

o

E

2

C

/ t""A. Cellobiose-grown cellsU

B. Cellobiose.grown, 10 M NaN 3..
/ C. Glucose-grown cells:,

0 10 20 30 40 50 60 70 80 90
minutes

FIGURE 5. Uptake of MBG-14C by A, cellobiose-grown cells; B, the same, but in the
presence of 10-2 M azide; C, glucose-grown cells. The suspension represented in curve A
was divided into three, and at the arrow, 10-2M cellobiose or MBG-12C was added as
indicated; to the controls (open circles), an equal volume of buffer was added.

patent /-glucosidase activity is limited by a specific transport system for 3-
glucosides.

D. Incubation with 14C-Methyl-f-Glucoside-12C

When the same suspensions used in the experiment illustrated in Fig. 6 were
incubated with MBG in which the label was in the aglycone group, the re-
sults illustrated in curve C of Fig. 6 were obtained. Cellobiose-grown cells
could not take up label from 4C-MBG. It will be noted that in this experi-
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FIGURE 6. Uptake of MBG-14C by suspensions of cellobiose-grown cells of high patent
activity (A); low patent activity (B); uptake of 1 4C MBG by both suspensions (C). In
this experiment, cold carrier MBG was omitted and final MBG concentration was
10 -3 M, in all four suspensions. The suspension of high patent activity was within the
normal range for this parameter; that of low patent activity was well below the normal
range, despite the fact that the -glucosidase activity of the butanol-lysed cells was
normal. We are unable to account for the occasional reductions in patent 0-glucosidase
activity of otherwise normal cultures.

ment twenty times the habitual concentration of MBG was used (10-I M)
without the cold carrier. On the other hand, as shown in Fig. 7, when cells
incubated with 14C-MBG were filtered, and aliquots of the cell-free filtrate
were counted after drying on Millipore filters, the label disappeared with
roughly equal speed from suspensions incubated with either the methyl-
labeled or glucose-labeled MBG.

It is evident from these unexpected results that MBG as such was not trans-
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ported into the cells, but was first cleaved; only the glucose moiety then en-
tered the cells.

DISCUSSION

Organic and inorganic mercurials inhibited the patent 1-glucosidase activity
of cellobiose-grown yeast under conditions in which these agents did not

0

X

x:
t
l-ee

Io

a.
O

30 60 90 120
minutes

FIGuRE 7 Disappearance of label from the cell-free filtrates of the suspensions of high
patent activity shown in Fig. 6. A, MBG-14C; B, 4C-MBG. If azide was present, as in
Fig. 5 B, the radioactivity of the filtrates remained constant during the experiment.

penetrate the cells. The mercurials were shown to affect the stereospecific
component, which must thus be located at the permeability barrier of the
cell, or peripheral to it in the cell wall. The finding that the membrane-lo-
calized -glucosidase activity was more sensitive to mercurial inhibition in
the presence of cellobiose and vice versa is reminiscent of the finding of Kosh-
land et al. (14) that the alkylation of SH groups and consequent inactivation
of phosphoglucomutase were faster in the presence of glucose-6-phosphate, a
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substrate, than in the presence of nonsubstrates such as -glycerophosphate.
Similar results in the case of the exopenicillinase of B. cereus have been re-
ported from Citri's laboratory (15).

We have presented data which clearly demonstrate that the ability of intact
cellobiose-grown cells on the one hand to remove this carbohydrate from the
medium and on the other to split pNPG (patent activity) reflects the function-
ing of but a single system. Many of the data were consistent with the hypothe-
sis that this system was an inducible transport system for /3-glucosides, similar
to the -galactoside-permease of E. coli (2, 16) and to various glucoside trans-
port systems in yeast (5, 17, 18; see review by Cirillo, 19). This hypothesis
was excluded by the finding that induced cells could not incorporate label
from l4C-methyl--glucoside-2C. MBG as such did not penetrate, for only
when the label was in the glucoside moiety did it subsequently appear in the
cells. The MBG must therefore have been cleaved at the cell membrane to
methanol and glucose, and the latter transported within the cell. This hy-
pothesis is supported by the fact that label disappeared from the filtrates of
cells incubated with either methyl-labeled, or glucoside-labeled MBG at
about the same rate; in the latter case, the label disappeared from the filtrate
into the cells in the form of glucose and in the former it had evidently evap-
orated in the form of methanol during the drying of the Millipore filters
before counting. The stereospecific component of the inducible system which
limits patent -glucosidase activity is thus a l-glucosidase at, or peripheral
to, the cell membrane.

/-Glucosidase activity ought not to require metabolic energy, and this
enzyme is not inhibited in vitro by azide or cyanide; yet these agents inhibited
patent yeast -glucosidase activity by more than 95% (1). The rate at which
the surface enzyme cleaves external substrate must thus be limited by some
other, energy-requiring process, and this must doubtless have to do with the
inward transport of the glucose moiety. It would seem reasonable to adopt
the working hypothesis that ATP is involved in phosphorylation of either the
f-glucosides or of some component of a glucose carrier system. Work on the
mechanism of the transport process and on the metabolic fate of the trans-
ported glucose moiety of MBG is in progress; it is already clear that neither
free glucose, nor free unchanged -glucosides, are found within the cells after
incubation of cellobiose-grown cells with labeled -glucosides, including
cellobiose. The studies of Swisher et al. showed that the glucosyl and gluco-
side moieties of cellobiose were metabolically nonequivalent in the case of a
cellulolytic bacterium (10). It is possible that this, too, might be a consequence
of cleavage at the cell surface prior to transport, the glucose moiety being
subsequently transported in a form, or to an intracellular compartment,
different from that of the glucosyl moiety.

The discovery of the membrane-bound 0-glucosidase active against MBG
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and cellobiose as substrates resolves the paradox alluded to in the previous
paper (1); the paradox was that on the one hand cellobiose and MBG were
utilized quantitatively for growth, but that on the other the inducible cryptic
1-glucosidase formed during growth on cellobiose was unable to hydrolyze
either of these two growth substrates. It is now clear that they were acted
upon by the membrane component at the cell surface. However, these data
raise a new problem: how can these 8-glucosides act as inducers if they do
not penetrate into the interior of the cell? The phenomenon might be trivial:
small amounts of unhydrolyzed cellobiose or MBG, too low to permit detec-
tion by our radiochemical or chromatographic methods, might enter the cell
by diffusion and there induce formation of both the cryptic and surface com-
ponents. Several nontrivial hypotheses are available as well. Work presently in
progress should permit us to exclude one or the other of these two categories
of hypothesis. The cryptic -glucosidase has been purified in this laboratory
by Dr. Inamdar and details of the purification and properties of this enzyme
will be published shortly in the Canadian Journal of Biochemistry.

There are some interesting similarities between our work and that of Rob-
ertson and Halvorson (17) on the inducible alpha-glucosidase of S. cerevisiae.
They showed that the patent hydrolysis of p-nitrophenyl-a-glucoside was
limited by the function of a stereospecific, inducible a-glucoside transport
system which could be competitively inhibited by maltose and which was
preferentially inactivated by incubation of washed cell suspensions in glucose
buffer (17); all these features are shared by the rate-controlling mechanism
in patent 18-glucosidase activity, except for the fact that intact -glucosides
are not transported as such. The decline in activity of our intracellular aryl-

-glucosidase during shaking of the washed cell suspensions was inhibited by
the presence of Actidione, under conditions in which Fukuhara has shown
that protein synthesis in yeast is inhibited by 95% (8); on the other hand,
the decline in patent activity (i.e., the surface -glucosidase) was not affected
at all by the presence of Actidione. Recently, Bechet and Wiame (20) have
shown that Actidione inhibits the repression of the ornithine transcarbamy-
lase activity which occurs in repressible strains of E. coli upon addition of
arginine. They suggest that this indicates the formation of a regulatory pro-
tein under conditions of repression and speculate that the same phenomenon
might have occurred in our earlier work on enzymic reversion (deadaptation)
(1).

In the case of our surface -glucosidase and the internal aryl-/-glucosidase,
it is not possible to say whether we are dealing with two different protein
molecules controlled by the same operator and thus simultaneously induced,
or whether the patent enzyme differs from the cryptic only in being bound
at the cell surface with consequent modification of certain of its properties,
as is the case with yeast catalase (12, 21, 22) and with the gamma-penicil-
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linase of B. cereus (23, 24). Recently, it has been shown that the conidia of
Aspergillus possess both a soluble 3-glucosidase and an insoluble fraction bound
to the conidia coats (25). In this case, the enzymatic properties of the soluble,
the bound, and the "released" enzymes were identical. On the other hand,
cases have been reported in which at least two enzymatically distinct -glu-
cosidases coexist within the same cell (26). In our yeast system, the internal
and external -glucosidases share the same Km for all common substrates,
such as pNPG, and the same Kr for common competitive inhibitors, such as
phenyl-3-glucoside and glucose (1). On the other hand, MBG and cellobiose
are both substrates and competitive inhibitors of the surface enzyme and not
of the internal enzyme.

Our findings raise the shades of the celebrated controversy which raged
between the followers of Fischer, who postulated that fermentation of disac-
charides was always indirect, that is, preceded by an enzymatic hydrolysis
(27) and the Willstitter school who adduced evidence for the direct fermen-
tation of maltose, lactose, and sucrose (28). Evidence in favor of direct fer-
mentation was provided in a series of papers by Leibowitz and Hestrin, who
discussed the whole history of this problem in a fascinating review (29). In
our yeast strain, utilization of 3-glucosides must be preceded by cleavage,
(although not necessarily hydrolysis), since the intact glucosides do not enter
the cell. Work on their metabolic fate is presently in progress.

The authors are grateful to Mrs. M. Garmsen for her capable technical aid and to Peter Bright-Asare,
a summer student assistant.
We are indebted to the Medical Research Council of Canada for their continued support of this
work and to Drs. John Gorman and B. Mueller-Hill for their helpful comments.
This is the second paper in a series of which the first appeared under the general title, "An inducible
system for the hydrolysis and transport of /-glucosides in yeast" (1). Data presented in this second
communication have caused us to eliminate the general title as misleading.
Received for publication 9 December 1965.
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